SffiB fl^ll^ 7^2 1B 
SS#^= PI 1 0721-01 1-205836 H: 1/ 1 

[*««] #M 

[SE3##] PI 10721-01 

[jftBB] ¥J5fcll¥ 7^21 B 

[fflfcflptfa*] D01F 6/92 



[ft*] ±ea 51* 

[fttB'J##] 000000952 

las is 

C*e##] 03-5446-3575 

i^&nsm&m 010205 
mtt&m] 2i, ooo r 

m« i 
i 



Proof - 1999/07/21 



tlttJB ty&lltp 7^210 

gg##= P110721-01 wmm 1-205836 h-. 1/ is 

[»3&Jil] L^9 8%£(±T*0, 7-3. 9T&i9 

, 5S*%£TFT&0> Sn («R) Otti^3 OpprnglT 

o 

[»5RJS2] LM9 8%^±TSD, ^E/^-S^O. 5S*%^TT 
IMw : 1 2 7j~2 2 75\ t^^flMn : 67j~1 175"T&S* 

3U*£fflV>, 3 0 0 0m/^±4 5 0 Om/OT«tm mWUmi 
0 0t-12 5tt, 1. 3fflFEU:HE#Ufc«, 12 5t~15 0ttit7h 

imwowtffltmw] 

[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] 

Proof - 1999/07/21 



§§§f= PI 1 0 7 2 1 -0 1 3WF11-205836 H: 2/ 18 

[0 0 0 4] 

5»%$nti^, fls^ttn^o^^i&tt^ 

[0 0 0 5] 

^*#U¥L^^^#^ft^ 3 0 0 0m/^TO^jlT^U^m, 5£ 
iff W¥ 7-216646 ^kfg^ #|H?¥ 7-133569 ^fgTte, 1 

[0 0 0 6] 

[0 0 0 7] 

[f§0J^fif&b£-5 iT§^H] 

[0 0 0 8] 

±j£<Z>ai$«> L M 9 8 %£(±t S <3 , tS^M^ 2 . 7~3. 9X$>K>, 
^yT-I^O. 5Mfc-£TFT?*D, Sn (H) ©Mi^3 0 ppmOTt 

Proof - 1999/07/21 



JiffiB Wcl If 7^2 IB 
11#^= P 1 1 0 7 2 1 - 0 1 4#B¥ll-205836 H: 3/ 18 

* 0 , MMfcT * S # U SJ&ttfJ&jfr £ fc § * & £ -T 3 "7 w 5 * y V \z 
[0 0 0 9] 

[0 0 10] 
[0 0 11] 

[0012] 

£?£L<te2 0 p pmJBTFTfcS. S n^Ottl^'JILi!©! 

^nmtvxmm^n^tfi. 3 0 p pmsiA^i^tsi, ^pt^s-ir 

[0 0 13] 

Proof - 1999/07/21 



JgfflB f^l If 7^210 
ll#f=P 1 1 0 7 2 1 - 0 1 1-205836 K: 4/ 18 

[0 0 14] 

/T-tttaj£T*GPC^*ffc:«fcDJim$n-B4HF*l 0 0 OTOJ^T?* 
[0 0 15] 
[0016] 

*«9!K:JB^£#y?Ltttt, fOli^^f iMw^ff* t < fi 1 2 7J-2 
27JT&D, SSdtel 37j~1 6^**J:D8Ff;LH. Jfc, l¥WlMn 
«b<tt6^-ll^ £££te7;tf~9;^J;D$?£bV*. 

[0017] 

**WtCfflVi5#yAHttt, *Offi5*KflE (77 re 1) #*2. 7-3. 9T& 

o £?£L<te, 2. 9-3. 3>&*<fcV>. 
[0 0 18] 

Proof - 1999/07/21 



JiffiB 1^ 7^210 
P110721-01 1-205836 K: 5/ 18 

[0 0 19] 

^fgHSTte, ffi&mm$:3 0 0 Om/#J£U:4 5 0 Om/^TTM^bfcm 
, &#2&^£1 0 Ot:~l 2 5t:~C\ 1. 3m±3£#L£:^ 12 5t-15 

[0 0 2 0] 

«&^i£S^3 0 0 Om/^TtH @Eftl§flW^-hfrT, 1 1 Ot:J^±<7) 
[0 0 2 1] 
[0 0 2 2] 

2§#te#«i. 3m±T&i^ &<Dmm&m&4. 5g/d*it^<, 
xm&^mrzt. mwfemti. 3~i. 8 7W£b<, $^>^$f^b<«i 

. 5-1. 

[0 0 2 3] 

t-ty biSSttl 3 5-15 or^wsb^o 

[0 0 2 4] 

*5£W(D-?)]/?-7j7*yh\t. §13533^4. 5 g/dJ^±^$f^L^ 0 §131 
, $m-&gt&4. 5g/dK±tI^5(:}iI»0. 0 3 0^±««gT&£ 

o 

[0 0 2 5] 

Proof - 1999/07/21 



11#?=P 1 10721-01 #^¥11-205836 gj 6/ 18 

[0 0 2 6] 

[0 0 2 7] 

[0 0 2 8] 

<^*><^E/-7-»> 

&&mm£l>TGP CfttirZftUMw, Mn&mfehtc, femmtR i 

^fii o o oj^T^^fij^^^UT-^o^yT-s^^tHb 

tZo 

[0 0 2 9] 
<mttlfe&T) rel> 
7x/-Jl//fh7^0DI^>= 6 0/4 0®gMlC^?: 1 g/d 1 

fZo 

[0 0 3 0] 

Proof - 1999/07/21 



iiff=Pl 1 0 7 2 1 -0 1 11-205836 H: 7/ 18 



<Sn^W*> 

o. 5 sou^mm/mmz^m^mthtz. z.n^7Kx^mvx5 om 

[0 0 3 1] 

(3£#gtf>ZS!l£) 

^#§Sf1^§^lo«i£@Mi£^, ^fi2 0cm, M2 0cm/min 
[0 0 3 2] 

MM 5 0 cm©l»l;fflII2 0 Omg ZfrVTWrnX-Wz 1 5#IW«* 

StKTO^ (%) = -iRIiftOttftfi) /HJiK^x l o 0 

[0 0 3 3] 

tt^/XMSaiT^fcW?^ ^*>h©*B2t*!i^ (t? re 1) £$J!^L< 

m&m&mi&Tm (%) = { (*'j7-fi«-7o^>h©i» / 

#U^-ffi#ttflS> x l 0 0 
[0 0 3 4] 

[0 0 3 5] 

%*tf$x.>i?=.7v>ifmmfotiwfemw type ke-2sct^ 

Lfc, 

[0 0 3 6] 

Proof - 1999/07/21 



JiffiB 7^210 
!!#§= P 1 1 0 7 2 1 - 0 1 #^¥11-205836 H: 8/ 18 

[0 0 3 7] 
[0 0 3 8] 

'T©.3SK (A~C) WiaDMilfc. 
A ; &Wn®m^ O0/7B 
B ; &®tl®&&* 1-20/79 

c ; ^mugc^ 3 HJJ^±/ 7 b 

[0 0 3 9] 
[0 0 4 0] 

ffi#XSK:*^**«tl©»*jBftS3aBTfMBbfe. (A~C) 

A ; #«misi«#oia/7 B 

B ; ^mu^U~2HI/7 B 
C ; *«n®«*« 3 7 B 

[0 0 4 1] 

8E#T#*»^fc*o^o»^*^*, ETF©2a»©£ip (O, x) Ts¥ 

Proof - 1999/07/21 



SE3#*I=P 1 1 0 7 2 1 - 0 1 4Wpi 1-205836 H: 9/ 18 



x ; ^©56^15^5. 
[0 0 4 2] 

£^TGD 3 i£Fg<7)g2p (A~C) T^MbfCo 
A ; 
B ; 
C ; 

[0 0 4 3] 

»«fea*>^;w©^t)A'&*£;T©3aBf©»P (a~o T^Mbfc„ 

B ; 

[0 0 4 4] 
HJfi0U~2, J£t£#ijl~5 
g 1 ^ U S nMl^f ifc^ U T-SMM 3 8 0 Om/^-e 

[0 0 4 5] 

jttsm ~ 3 fc-^-ra, sntti a*&fc£n&«>, mim 

[0 0 4 6] 
[0 0 4 7] 

Vc&M 5 te> tt*«f©«iftfiT 1 2 . 3%£&&£ftfc&«>, P&#ffe«6 
Bfca§tf&a*. ^3:0 S n^l^3 5 p pm<h#V^ca£>> 7 BEU:©P&*fr 

Proof - 1999/07/21 



l§§^= P110721-01 1-205836 gj 10/ 18 

[0 0 4 8] 

1 , 2 ttS ntfi^5 0 p pmOTT*Sfc*fC^l^co#fi^T* 
[0 0 4 9] 

[«13 





to 


LO 
CO 


3. 00 


0. 26 


o 

X 

i-H 


o 

i-H 

X 

o 


IS 


97. 1 


o 

CO 
CM 


12. 3 


3800 


0Q 


CD 




CM 
CO 


CD 
CM 


CM 

6 


o 

1— J 

X 
to 

CO 

i— » 


o 

»-H 

X 
CO 
CO 




LO 

LO 
CD 


O 

CO 
CM 


CO 

i-H 


o 
o 

CO 
CO 


ca 

? 

o 


CO 


CO 


CM 
00 


o> 

CM 


LO 
CM 

CD 


o 

X 
c> 

CO 

1— I 


o 

i-H 

X 
cd 




CO 
CO 

cd 


o 

CO 
CM 


CO 

CM 
LO 


o 
o 

CO 
CO 


u 


I— ( 


CM 


CM 
i— < 


LO 
CD 

CM 


CO 
CM 

6 


o 

i-H 

X 

CJ5 

CO 
rH 


o 

i-H 

X 
co" 


IE 


o 


O . 

CO 

CM 


CO 
CO 


o 
o 

00 
CO 








CM 
00 


CD 
CD 

CM 


CO 
CM 

d 


o 

i-H 

X 

C5 

CO 
1— * 


o 

i-H 

X 

CO 
CO 


_J 

■ic 


CO 
CD 


O 
CO 
CM 


CO 
CO* 


o 
o 

00 
CO 


o 


1— t 


4g 


CM 


i— » 


00 
CD 

CM 


LO 

CM 

d 


o 

I— i 

X 
en 

CO 


o 

1— 1 

X 
<Ji 

CO 


-J 

m 


CO 
CD 


o 

CO 
CM 


co 
CO 


o 
o 

00 
CO 


< 


All 






CO 
CM 


CO 

en 

CM* 


CO 
CM 

d 


o 

i-H 

X 

CM 

i-H 


o 

f-H 

X 

CO 

co 




00 

CD 


o 

CO 
CM 


o 

LO 


o 
o 

00 
CO 


< 


is- 
All 




Z 


<rc g 
c w 


~ d ^-—^ 


* s 


2 


i 






fe? i 

S 6 
«o 


H¥ 




0 


© 



[0 0 5 0] 

Proof - 1999/07/21 



HfcBB 7/321H 
Mg#-§-=P 110721-01 #ig¥l 1-205836 K: 11/ 18 

H»!l3~5, i:bWJ6~9CD^2«#U^-' : t 3 CD^yx'-*^AT> 

j£^£3 5 0 Om/^titlofci0Hi*tt, P^©mS5, 

[0 0 5 1] 

[0 0 5 2] 
[0 0 5 3] 

[0 0 5 4] 



Proof - 1999/07/21 



g#^f=P 110721-01 #Jjj¥l 1-205836 H: 12/ 18 



[*2] 





CD 


0.98 


3.02 


-J 

m 


1— ( 


9 6.5 


© 

rH 

X 

rH 


rH 

X 

q 
t> 


o 

CO 
CM 


3500 


O 

rH 


OQ 


LO 




00 


CO 
CO 


<N 
CD 
cm 


_> 


00 

rH 


CD 

in 

CD 


o 

X 
io 
cm 

rH 


o 

rH 

X 

CO 
CO 


o 

CO 
CM 


o 
o 

lO 

CO 


LO 

rH 


O 


CM 




























































CO 

l> 
in 


CD 
oq 
cm 


m 


rH 


O 

CD 
CD 


o 

rH 

X 
t> 

CO 
i-H 


© 

rH 

X 

CD 

d 


o 

CO 
CM 


o 
o 
m 

CO 


o 

CM 


CJ 


rH 




CD 


© 

rH 


CO 

q 
cm 


K 


00 

rH 


LO 

CD 


o 

rH 

X 

CD 
CO 

rH 


© 

rH 

X 
d 


o 

CO 
CM 


o 
o 
to 

CO 


LO 

CM 


o 


i— t 




lo 


lO 
f-H 

d 


CO 

lo 
cm" 


-J 

ST; 


CD 

rH 


^ 

CO 
CD 


© 

rH 

X 

TJ« 
rH 


© 
rH 

X 
o 


o 

co 

CM 


o 
o 

CO 


lO 


< 


All 






CO 
CM 

d 


CD 
CD 

CM 


_> 
HE 


i-H 

CM 


00 
CD 


O 
rH 

X 

o 

rH 


o 

rH 

X 
CD 

d 


o 

CO 
CM 


o 
o 

to 

CO 


CM 


< 


c*- 

All 




co 


CO 

d 


t> 

CD 

cm 


^> 

I* 


CD 
i— » 


00 

CD 
CD 


O 

rH 

X 

00 
CO 


o 

i-H 

x 

oo 
d 


o 

CO 
CM 


o 
o 

CO 


LO 


< 


o- 

All 




2 


«w 
I 

t* 


ft! 

rm J-i 

i c 

4^ 


S 
* 


fa 

c 3 

00 


y— s. 


Sr. 

2 


1 


jr> 


*\ 

a 

S3 


£■ 

1/ 
* 


e 
* 

at 


© 
iS 

">t=r 



[0 0 5 5] 

mmm 6 ~- 1 , 10-14 

^3, 4tt» Sn^tK3 0ppmFiT, ^E/^-;l£0. 5 XSATlZLT 

Proof - 1999/07/21 



jiffiS 1¥ 7^210 
gg#j|= P11Q721-01 1-205836 gj 13/ 18 

[0 0 5 6] 

4g/d*it> «JB5f (An) fcO. 0 3£(TOD, 
[0 0 5 7] 

[0 0 5 8] 

o3SD&§?*>4g/d*i»<»:3§<fcS. i££J±&0t|12, 13(1 5H^*> ffl^t 
[0 0 5 9] 



Proof - 1999/07/21 



HfcBH 7/3210 
31##= P110721-01 45H¥1 1-205836 JC: 14/ 18 



[£3] 





31 i£ #J 


N o 


D 


7 








(rjrel) 


3.02 


3.68 




ML 




S n-S^Tm(ppin) 


18 


17 


Lfc(%) 


98.7 


96.0 


Mw 


14.6 X10 4 


19.5 x 10 4 


Mn 


7.2 X10 4 


9.4 X10 4 




230 


230 




3 


4 


(m/#) 


3500 


3500 




A 


A 




^ 7 


^ 7 




110 


110 




1.70 


1.70 




145 


145 


tt*te<3> 


A 


A 




o 


O 




A 


A 


§l3fi3££(g/d) 


5.02 


4.96 




30.3 


30.8 


fc*iRIMs(%) 


9.8 


14.8 


$gfB#f (An) 


0.0350 


0.0367 


CC) 


90 


91 




A 


A 



[0 0 6 0] 



Proof - 1999/07/21 



jgfctm l¥ 7 8 2 1 B 
SS##= P110721-01 4fH¥l 1-205836 H: 15/ 18 



[«4] 





it Mt m 


No 


1 0 


1 1 


1 2 


1 3 


1 4 


*/7-fi:(£ft%) 


0.26 


0.26 


0.25 


0.24 


0.27 


( *7 rel) 


3.04 


2.58 


4.02 


4.03 


3.02 






ML 


ML 




ML 


S n-g-#fi 
(ppm) 


19 


18 


20 


18 


21 


L&(%) 


99.0 


96.4 


97.0 


98.7 


92.6 


Mw 


14.8 X10 4 


10.2 X 10 4 


23.8 X10 4 


24.0 X10 4 


14.5 x 10 4 


Mn 


7.6 X10 4 


5.4 X10 4 


12.1 X10 4 


12.4 X10 4 


7.1X10 4 




230 


230 


245 


245 


230 


(%) 


6 


8 


15 


20 


3 


(m/#) 


3500 


3500 


3500 


3500 


3500 




B 


B 


C 


C 


A [ 




4 


4 


5 


3 


^ 7 




110 


110 


110 


110 


110 




1.70 


1.70 


1.70 


1.70 


1.70 


•fey hJfl*CC) 


145 


145 


145 


145 


145 




B 


C 


C 


C 


B 




X 


X 


X 


X 


X 




C 


B 


C 


C 


B 


9IM!C(g/d) 


3.98 


3.82 


4.02 


3.86 


3.03 




29.6 


28.7 


30.2 


29.8 


30.3 




10.2 


10.1 


9.7 


10.2 


30.5 


WifB9r (An) 


0.0276 


0.0265 


0.0289 


0.0266 


0.0235 


AC) 


82 


81 


81 


82 


80 




C 


B 


B 


C 


C 



[0 0 6 1] 

*«J8~10, itm.ni 5~ 1 9©^5, 6te, Sl~4(D^^SiC^U 
■7— ffi*Htt£3-. 0 9, LM9 8. 2%. t/T-iO. 2 6wt% 

[0 0 6 2] 

Proof - 1999/07/21 



g3g#^t= P110721-01 #H¥l 1-205836 gj 16/ 18 

[0 0 6 3] 

Jt«0H 1 6 fcfofe&gfc 2 8 0 Om/^STTWfcWfOxX h^HT&Stf* 
, 2 8 0 0m/^O#*5lt)iS«Ttt, Effi«ftfbJW+#Tffi#iR&C»** 

[0 0 6 4] 

[0 0 6 5] 
[0 0 6 6] 

«j 1 0 -mt¥m\z \z± < mm&m < , » s n^v;i/^ 7 ^ 7 * > h © 

[0 0 6 7] 



Proof - 1999/07/21 



SH#^§-= P110721-01 



#H¥l 1-205836 



7£ 2 1 B 
: 17/ 18 



»5] 





' I i M 


N o 


8 


9 


1 0 




2 3 0 


2 3 0 


2 3 0 




3 


3 


3 


(m/#) 


3 2 0 0 


4 0 0 0 


4 5 0 0 




A 


A 


A 




^ 7 


^ 7 


^ 7 




10 5 


J. J. o 


1 2 0 




1 . 7 


1 . 5 


1. 3 


-fey M&goo 


1 /I c 

1 *± o 


loo 


1 c n 
1 O U 




A 


A 


A i 




O 


o 


o 




A 


A 


A 


3l«3ft*(g/d) 


4. 8 9 


5.0 4 


5.10 


#«(%) 


2 7.6 


2 8. 9 


3 0.0 




10.2 


9. 8 


9. 7 


?SSt>T (An) 


0.0332 


0.0386 


0.0394 


CC) 


8 7 


9 2 


9 3 




A 


A 


A 



[0 0 6 8] 



Proof - 1999/07/21 



F#=P 110721-01 



ftm^-l 1-205836 



7^210 
: 18/ 18 



[*6] 





jfc tt 0»j 


No 


1 5 




1 7 


X o 


1 Q 




2 3 0 

£-t \J \J 


9 ^ o 


9 *3 n 

^ o u 


9 ^ n 
z o u 


O Q A 
Z O U 


(%) 


3 


3 


3 


3 


3 


(m/#) 


3 2 0 0 


2 8 0 0 


4 0 0 0 


4 0 0 0 


4 8 0 0 




o 


o 


n 








^ 7 


^ 7 


^ 7 


> 7 


> 7 




10 5 


1 0 ^ 

Jl V J 


q n 


1 u o 


ion 

L 6 KJ 




1. 2 


1 . 9 


1. 5 


1. 5 


1 . 3 


-fe y hfi«0C) 


J. O V/ 


AOL/ 


i c n 
1 O u 


1 1 o 


1 O 0 




c 


c 


B 


A 


c 


%e 


X 


X 


X 


O 


X 


±3=14 


c 


c 


B 


B 


C 


§l3I5SS(g/d) 


3.2 1 


4.12 


3. 9 6 


4. 8 7 


4. 7 4 




3 5. 0 


2 7. 6 


2 7.4 


2 8. 6 


2 5.4 




15.0 


11.7 


10.5 


2 0.7 


9. 8 


}f®#T (An) 


0.0251 


0.0271 


0.0281 


0.0310 


0.0364 


no 


7 8 


8 1 


7 9 


8 3 


9 0 




C 


B 


B 


C 


B 



Proof - 1999/07/21 



mmm^= P110721-01 &m¥\ 1-205836 h: 1/ 1 

mm: 

m&^Wti L#:^9 5%J^±T^f9, ffiM^S^2. 7-3. =E/ 
v-*^0. 5fi»%^T-e$.D, S n O^ti^ 3 0 p p ml^Tl:^ 0 , Si 
Vl-C&Z>-$V%immm&mmLT, 3 0 0 0m/^±4 5 0 Om/^TTU 

^t^m, iMgioot;~i2 5t:t, 1. zfe\&±MWhtc&, i25t: 
MJRi$*u 2%ott\ mmm&o. 0 3 o£U:> s^u^gcDtf-^^ 



Proof - 1999/07/21 



VERIFICATION OF TRANSLATION 



I, Ikuo HIGASHI, of 8-10, Toranomon 2-chome, Minato-ku, Tokyo, Japan, am the 
translator of the documents attached and I state that the following is a true 
translation to the best of my knowledge and belief of Japanese Patent 
Application No. 1 1 -205836. 

Dated this on April 30, 2002 



Signature of translat* 




[Application Number] JPhll- 205836 

[Title of Document] Request for Patent 

[Reference Number] P110721-01 

[Date of Filing] July 21, Heisei 11 (1999) 

[Address ] Commissioner 

[International Patent Classification] D01F 6/92 
[ Inventor] 

[Address] c/o Kanebo Gohsen, Limited, 4-1, Kanebo-cho, 
Hofu-shi, Yamaguchi-ken 

[Name] KAJIYAMA, Hiroshi 

[ Inventor] 

[Address] c/o Kanebo Gohsen, Limited, 4-1, Kanebo-cho, 
Hofu-shi , Yamaguchi - ken 

[Name] UEDA, Hideo 

[Applicant] 

[Identification Number] 000000952 

[Name] Kanebo, Limited 

[ Representative ] HOASHI , Takashi 

[Telephone Number] 03-5446-3575 
[Indication of Fee] 

[Prepayment Register Number] 010205 

[Amount of Payment] ¥21,000 
[List of Articles Filed] 

[Title of Article] Specification 1 

[Title of Article] Abstract 1 

[Proof Requirement] Necessary 



1 



[Title of Document] Specification 

[Title of the Invention] MULTIFILAMENT AND PROCESS FOR PRODUCING 

THEREOF 

[Claims ] 

[Claim 1] A multifilament characterized by comprising a 
polylactic acid resin wherein the polylactic acid resin comprises 
98% or more of L-isomer and has a relative viscosity of 2.7 to 
3.9, the monomer content is 0.5% by weight or less, the Sn (tin) 
content is 30 ppm or less and the polylactic acid resin is in 
a linear. 

[Claim 2] A multifilament characterized in that the 
multifilament comprises 98% or more of L-isomer, the monomer 
content is 0.5% by weight or less, the Sn (tin) content is 30 
ppm or less, the multifilament is in a linear, and the molecular 
weight is 120 , 000 to 220 , 000 in terms of a weight average molecular 
weight Mw and 60,000 to 110,000 in terms of a number average 
molecular weight Mn. 

[Claim 3] The multifilament according to claim 1 or 2, wherein 
the tensile strength is 4.5 g/d or more, the contraction ratio 
in boiling water is 12% or less, the birefringence is 0.030 or 
more, and the peak temperature of thermal stress is 85°C or more. 
[Claim 4] A process for producing a polylactic acid 
multifilament characterized in that the production of the 
polylactic acid multifilament uses the polylactic acid according 
to claim 1 or 2, and comprises spinning at a rate of not less 
than 3,000 m/min and not more than 4,500 m/min, then drawing at 
a drawing temperature of 100°C to 125°C into 1.3 times or more, 
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and thereafter heat-setting at a temperature of 125°C to 150°C. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention Pertains] 

The present invention relates to a synthetic fiber having 
biodegradability and to a process for producing the fiber. 
[0002] 
[Prior Art] 

The multifilament fiber material that is now used most 
widely is the synthetic resin such as polyesters represented by 
polyethylene terephthalate and polyamides represented by nylon 
6 and nylon 66. 
[0003] 

Although the synthetic resin has the merit that it can be 
produced in large quantities at low cost, there is a problem with 
it concerning a method of its disposal after use. That is, a 
fiber formed of a synthetic resin mentioned above hardly 
decomposes in the natural environment and it has a possibility 
of generating a great amount of heat of combustion on its 
destruction by fire. 
[0004] 

Then, there recently have been proposals of using 
polycaprolactone, polylactic acid and so on, which are synthetic 
resins having biodegradability, for fiber applications. These 
synthetic resins certainly have the merit of having 
biodegradability, but there are more problems with them 
concerning practicality in comparison with the conventional 
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(non-biodegradable) synthetic resins. 
[0005] 

Conventionally, in the polylactic acid- type biodegradable 
fiber, a method is adopted in which a fiber is produced by a 
conventional method comprising spinning at a low speed of 3,000 
m/min or less and then performing a drawing process . For example , 
in JP-A- 7 -216646 and JP-A- 7- 133569 , a method in which an undrawn 
polylactic acid fiber extruded at a speed of 1,000 m/min or less 
is wound up and an oriented fiber is obtained in a drawing process 
is proposed, but it is necessary to copolymerize polyethylene 
glycol . 
[0006] 

However, even by these approaches, it is difficult to 
improve the workability in the production process and it is not 
possible to obtain fibers having physical properties and 
workability equivalent to fibers obtained using a conventional 

(non-biodegradable) synthetic resin as a raw material. 

[0007] 

[Problem to be Solved by the Invention] 

The inventors of the present invention provide a process 
for producing a polylactic acid multifilament which has physical 
property values about strength, elongation, contraction ratio 
in boiling water and so on comparable to polyesters and nylon 
fibers and also exhibits processability comparable to polyesters 
and nylon fibers even in post -processes such as weaving, knitting 
and dyeing, by severely examining the physical properties of a 
polylactic acid used as a raw material of fiber , using a polylactic 
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acid having specific physical properties and examining the 

spinning and drawing process. 

[0008] 

[Means for Solving the Problem] 

The above-mentioned object can be attained with a 
multifilament characterized by comprising a polylactic acid 
resin wherein the polylactic acid resin comprises 98% or more 
of L-isomer and has a relative viscosity of 2 . 7 to 3 . 9 , the monomer 
content is 0.5% by weight or less, the Sn (tin) content is 30 
ppm or less and the polylactic acid resin is in a linear. 
[0009] 

[Mode for Carrying out the Invention] 

The polylactic acid used for the present invention has a 
linear structure. In other words, it has almost no branched 
structure. In the conventional proposals, in order to improve 
the melt viscosity and the degree of polymerization, a little 
amount of branching agent is added when a polylactic acid is 
polymerized. However, the inventors of the present invention 
confirmed that in the production of a polylactic acid fiber, the 
branched structure of the raw material resin acts on the spinning 
workability far negatively in comparison to the usual polyester 
fibers. In other words, a polylactic acid having a branched 
structure, even if in a very slight amount, has a problem of 
tensile strength weaker than that a polylactic acid having no 
branched structure has. 
[0010] 

In order to eliminate a branched structure, it is 
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recommended never to use anything that causes the raw material 
of a polymer to generate a branched structure, or any trivalent 
or tetravalent alcohol, or any carboxylic acid. Even in the case 
of using a component having such a structure from another certain 
reason, it is important to limit the amount of such a component 
to a minimum amount such that spinning operations such as yarn 
breakage are not affected. 
[0011] 

The polylactic acid used for the present invention is 
obtained by using L-lactic acid, D-lactic acid, or L-lactide or 
D-lactide which are dimers of lactic acid as a raw material, and 
it is important that the polylactic acid is one comprising 98% 
or more of L- isomer. This is because when the proportion of 
D-isomer is increased, a polylactic acid becomes to have a 
non-crystalline structure and oriented crystallization does not 
proceed during a spinning and drawing process, resulting in poor 
physical properties of fibers to be obtained. In particular, 
the tensile strength is greatly reduced while the contraction 
ratio in boiling water becomes too great, and therefore, such 
a polylactic acid cannot be practically used. 
[0012] 

In the polylactic acid used for the present invention, the 
Sn content in the polymer must be 30 ppm or less , and is preferably 
20 ppm or less. An Sn-based catalyst is used as a polymerization 
catalyst of polylactic acids. However, if it exists in a content 
exceeding 30 ppm, depolymerization occurs during spinning and 
therefore the nozzle filtering pressure increases in a short 
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period of time, resulting in a remarkable deterioration of 

spinning workability. 

[0013] 

The amount of Sn can be reduced by saving in the amount 
thereof used in polymerization or by washing chips with a suitable 
liquid. 
[0014] 

In the polylactic acid used for the present invention, the 
monomer content is 0.5% by weight or less, preferably 0.3% by 
weight or less , and especially preferably 0.2% by weight or less . 
By the "monomer" referred to in the present invention is meant 
components having molecular weights not more than 1,000 
determined by the GPC analysis described later. If the monomer 
content exceeds 0.5% by weight, yarn breakage or the like occurs 
during the spinning and drawing process, resulting in a 
remarkable deterioration of workability. This is probably 
because decomposition of monomer components caused by heat leads 
to deterioration of a polylactic acid. 
[0015] 

In order to lessen the monomer content in a polylactic acid, 
methods are carried out such as removing unreacted monomers by 
vacuum suction of a reaction vessel just before the completion 
of a polymerization reaction, washing polymerization chips with 
a suitable liquid, and performing a solid-state polymerization. 
[0016] 

The polylactic acid used for the present invention 
preferably has a weight average molecular weight Mw of 120,000 
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to 220,000, more preferably 130,000 to 160,000 . Its number 
average molecular weight Mn is preferably 60,000 to 110,000, more 
preferably 70 , 000 to 90 , 000 . When the molecular weight is within 
these ranges, a good spinning property and a sufficient tensile 
strength can be obtained. If it is out of these ranges, a great 
reduction in molecular weight is caused during spinning and no 
sufficient tensile strength can be obtained. 
[0017] 

The polylactic acid used for the present invention has a 
relative viscosity (T)rel) of 2.7 to 3.9. If it is lower than 
this range, a polymer becomes poor in heat resistance and no 
sufficient tensile strength can be obtained. In contrast, if 
it becomes high, the spinning temperature must be raised and a 
great thermal degradation is caused during spinning. The 
relative viscosity is preferably 2.9 to 3.3. 
[0018] 

As for the relative viscosity of a multifilament, the lower 
the coefficient of its reduction caused by spinning, the better. 
For example, in the case of multifilament, the coefficient of 
viscosity reduction with respect to a polymer is preferably 7% 
or less. This is because when it is 7% or less, almost no 
decomposition of polymers occurs during spinning and no troubles 
such as yarn breakage occur during spinning, so that the spinning 
property is good, and the tensile strength in the drawing process 
becomes particularly great . 
[0019] 

The present invention is characterized by spinning at a 
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spinning speed of not less than 3,000 m/min and not more than 
4,500 m/min , then drawing at a drawing temperature of 100°C to 
125°C into 1.3 times or more, and then heat-setting at 125°C to 
150°C. 
[0020] 

A spinning speed of 3,000 m/min or less results in 
insufficient oriented crystallization, which leads to frequent 
occurrence of yarn breakage at spinning temperatures 110°C or 
higher and, therefore, to a very bad workability. A spinning 
speed exceeding 4,500 m/min causes swing of yarn, uneven cooling 
and so on, and therefore, results in poor operation stability. 
[0021] 

If the drawing temperature is lower than 110°C, oriented 
crystallization does not proceed, resulting in yarn breakage and 
uneven drawing. On the other hand, if the drawing temperature 
exceeds 125°C, such a drawing temperature is too high and yarn 
breakage occurs during drawing. 
[0022] 

Unless the draw magnification factor is 1 . 3 times or more, 
the tensile strength of yarn is as weak as less than 4.5 g/d, 
and problems will occur during processing steps. If the draw 
magnification factor is 1 . 3 times or more, it is possible to adjust 
the elongation and the product can be used for various kinds of 
processing. Considering the balance of tensile strength, 
elongation and so on of the multifilament to be obtained, the 
draw magnification factor is preferably 1.3 to 1.8, more 
preferably 1.5 to 1.7. 
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[0023] 

If the heat-setting temperature is lower than 125°C, the 
contraction ratio in boiling water becomes high due to such a 
low setting temperature. The resultant yarn exhibits so great 
shrinkage in a post -processing that it cannot be used. If the 
heat-setting temperature exceeds 150°C, the temperature of a 
polylactic acid fiber processed becomes close to its melting 
point and yarn breakage occurs. Considering productivity of 
filaments and so on, the setting temperature is preferably 135 
to 150°C. 
[0024] 

The multifilament of the present invention preferably has 
a tensile strength of 4.5 g/d or more. Tensile strength of 4.5 
g/d or more are desirable since yarn breakage or the like does 
not occur during various kinds of processing. In order for a 
tensile strength to become 4.5 g/d or more, the birefringence 
must be 0.030 or more. 
[0025] 

In order to prevent a multifilament from wear-out during 
dyeing by the normal pressure dyeing, the peak temperature of 
thermal stress of a multifilament is preferably 85°C or higher, 
more preferably 90°C or higher. The peak temperatures of thermal 
stress of 85°C or higher are desirable because less wear-out is 
caused during dyeing. 
[0026] 

[Effect of the Invention] 

If a polylactic acid fiber is produced using the process 
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for producing of the present invention, a biodegradable fiber 
excellent in workability and in fiber physical properties can 
be obtained. In other words, a polylactic acid fiber can be 
obtained, the fiber being excellent in heat resistance, 
exhibiting no reduction in spinning property caused by thermal 
degradation, being excellent in workability, having physical 
property values about strength, elongation, contraction ratio 
in boiling water and so on comparable to polyesters and nylon 
fibers, exhibiting processability comparable to polyesters and 
nylon fibers even in post -processes such as weaving, knitting 
and dyeing, and generating less wear-out during dyeing. 
[0027] 
[ Example ] 

Hereafter, the present invention will be explained 
concretely with reference to Examples. First, methods for 
analyzing physical properties of polymers are introduced. 
[0028] 

<Molecular weight > <Monomer content > 

A sample was dissolved in chloroform so that the 
concentration might become 10 mg/mL. Mw and Mn were measured 
by GPC analysis using chloroform as a solvent. 
RI was used as a detector. Polystyrene was used as a reference 
material . 

In addition, the monomer content in a polymer was calculated 
from the ratio of the components having molecular weights of 1 , 000 
or less. 
[0029] 
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<Relative viscosity r|rel> 

The relative viscosity was measured with an Ubbelohde's 
viscosity tube at 20°C after dissolving a sample in a mixed solvent 
of phenol/tetrachloroethane = 60/40 so that the concentration 
of the sample might become 1 g/dL. 
[0030] 

<Sn content) 

0.5 g of sample was subjected to wet-ashing with sulfuric 
acid/nitric acid. The resultant was diluted with water into a 
50 mL solution. Thereafter, the Sn content was measured by ICP 
emission spectrophotometry. 
[0031] 

(Measurement of tensile strength and elongation) 

Using a tensile tester manufactured by Shimadzu 
Corporation, a tensile test was performed under the following 
conditions, a sample length of 20 cm and a tensile speed of 20 
cm/min. The strength at breakage and the elongation at breakage 
were, respectively, taken as the tensile strength and the 
elongation. 
[0032] 

(Contraction ratio in boiling water) 

After application of an initial load of 200 g to a sample 
having an initial length of 50 cm, followed by immersion of the 
sample in a boiling water for 15 minutes, followed by drying it 
in the air for 5 minutes, the contraction ratio in boiling water 
was calculated according to the following formula. 

Contraction ratio in boiling water (%) = (Initial sample 
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length — Sample length after shrinkage) /Initial sample length 

x 100 

[0033] 

(Reduction coefficient of viscosity during spinning) 

The relative viscosity (T^rel) of a multifilament came out 
of a spinning nozzle was measured and the reduction coefficient 
of viscosity during spinning was calculated according to the 
following formula. The residence time of the molten polymer in 
this Example was about 10 minutes. 

Reduction coefficient of viscosity during spinning (%) = 
{(Relative viscosity of a polymer —Relative viscosity of 
filaments) / (Relative viscosity of polymer) x 100 
[0034] 

( Birefringence ) 

Birefringence An of a fiber was measured by the Berek 
compensator method using a-bromonaphthalene as an immersion 
liquid. 
[0035] 

(Thermal stress) 

Thermal stress was measured with a thermal stress measuring 
apparatus TYPE KE-2S manufactured by Kanebo ENGINEERING, LTD. 
[0036] 

[Polymerization of a polymer] 

A polylactic acid was polymerized by the usual method using 
L-lactide and D-lactide as raw materials and tin octylate as a 
polymerization catalyst. For comparison, a polymer containing 
0.1 mol% of trimellitic acid as a cross linking agent was also 
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polymerized. The polymers obtained were subjected to solid- 
state polymerization at 135°C to reduce the amount of residual 
monomers. However, for comparison, the polymers were partially 
left without being subjected to the solid-state polymerization. 
[0037] 

The spinning workability was evaluated and measured as 
follows . 
[0038] 

(Evaluation of spinning ability 1) 

Continuous seven-day spinning was carried out by melt 
spinning. The frequency of yarn breakage during the spinning 
was evaluated according to the following three- level (A to C) 
standard. 

A; The frequency of yarn breakage is 0 time / 7 days. 

B; The frequency of yarn breakage is 1 to 2 times / 7 days. 

C; The frequency of yarn breakage is 3 times or more / 7 days. 

[0039] 

(Evaluation of spinning ability 2) 

In the case where a spinneret became to have to be changed 
due to increase of filtering pressure or the like in the continuous 
seven-day spinning, the life of the spinneret was evaluated in 
terms of the number of days . 
[0040] 

(Evaluation of spinning ability 3) 

The frequency of yarn breakage in a drawing process was 
evaluated on a three-level scale (A to C). 
A; The frequency of yarn breakage is 0 time / 7 days. 
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B; The frequency of yarn breakage is 1 to 2 times / 7 days. 
C; The frequency of yarn breakage is 3 times or more / 7 days. 
[0041] 
(Fluff) 

The condition of fluff formation in a yarn wound-up during 
drawing was rated based on the following two -level standard ( , 
x). 

: No formation of fluff is found, 
x: Formation of fluff is found. 
[0042] 

(Productivity of filament) 

Taking spinning evaluations 1 to 3 and the condition of 
fluff formation into account, the productivity of a multifilament 
was evaluated synthetically according to the following 
three-level standard (A to C). 
A; Very good 
B; Good 
C ; Poor 
[0043] 

(Wear- out after dyeing) 

A cylindrically knitted sample was prepared from a filament . 
The sample was dyed under normal pressure with a disperse dye. 
The wear-out of the sample after dyeing was evaluated 
synthetically according to the following three- level standard 
(A to C) . 

A; Very good (There was no wear-out.) 
B ; Good 
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C; Poor (There was so great wear-out that the multifilament 
cannot be used as a product for sale.) 
[0044] 

Examples 1 to 2, Comparative Examples 1 to 5 

Table 1 provides the evaluation results about the spinning 
abilities 1, 2 and the life of a spinneret determined in the 
spinning of polymers with different Sn contents in the polymers 
at a spinning speed of 3,800 m/min. 
[0045] 

Comparative Examples 1 to 3 cannot be used practically 
because depolymerization occurred during spinning due to a 
particularly great Sn content (the amount of residual catalyst) , 
resulting in a great reduction coefficient of viscosity during 
the spinning and it was very difficult to perform spinning and 
the life of a spinneret was as short as one day. 
[0046] 

In Comparative Example 4, the reduction coefficient of 
viscosity during spinning was improved to 17.6%, but since Sn 
content was still high, the life of a spinneret was only three 
days. Therefore, such Comparative Example cannot be used in 
practical production. 
[0047] 

In Comparative Example 5, since the reduction coefficient 
of viscosity during spinning was improved to 12.3%, the life of 
a spinneret was extended to six days. However, it was not 
possible to achieve a life of spinneret of seven days or more 
because of the great Sn content as much as 35 ppm. 
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[0048] 

In Examples 1 and 2, since the Sn content was not greater 
than 50 ppm, the reduction coefficient of viscosity during 
spinning was as low as 5.0, and the spinning ability and the life 
of a spinneret were very good. 
[0049] 



[Table 1] 





Example 


Comparative Example 


No 


1 


2 


1 


2 


3 


4 


5 


Sn content (ppm) 


26 


17 


824 


412 


82 


62 


35 


Relative 
viscosity of 
polymer (nrel) 


2.93 


2.98 


2.96 


2.95 


2.97 


2.94 


3.00 


Monomer content 
( % by weight ) 


0.26 


0.25 


0.26 


0.23 


0.25 


0.24 


0.26 


Mw 


12.5xl0 4 


13.9xl0 4 


13.9xl0 4 


13.9xl0 4 


13.7xl0 4 


13.5xl0 4 


14.4xl0 4 


Mn 


6.6xl0 4 


6.9xl0 4 


6.8xl0 4 


6.7xl0 4 


6.9xl0 4 


6.6xl0 4 


7.0xl0 4 


Branched 
structure 


None 


None 


None 


None 


None 


None 


None 


L- isomer (%) 


97.8 


96.4 


96.4 


97.0 


96.6 


95.5 


97.1 


Spinning 
temperature 
(°C) 


230 


230 


230 


230 


230 


230 


230 


Rate of decrease 

of viscosity 
during spinning 
(%) 


5.0 


3.6 


73.6 


64.3 


52.3 


17.6 


12.3 


Spinning speed 
(m/min) 


3.800 


3,800 


3,800 


3,800 


3,800 


3,800 


3,800 


Spinning 
ability - 1 


A 


A 


C 


C 


C 


C-B 


B 


Spinning 
ability - 2 


2=7 


2:7 


1 


1 


1 


3 


6 



[0050] 

Table 2 about Examples 3 to 5 and Comparative Examples 6 
to 9 provides the results concerning the spinning abilities and 
the life of a spinneret determined when the monomer content in 
polymers was varied and winding-up was carried out at a spinning 
speed of 3,500 m/min. 
[0051] 
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Comparative Examples 6 to 8 cannot be used practically 
because thermal decomposition occurred during spinning due to 
the particularly great amounts of monomers in the polymers, 
resulting in great reduction coefficients of viscosity during 
the spinning and it was very difficult to perform spinning and 
the life of a spinneret was as short as one day. 
[0052] 

Comparative Example 9 cannot be used in practical 
production since the monomer content was still great and the life 
of a spinneret was only five days. 
[0053] 

As for Examples 3 to 5, by setting the monomer content to 
0.5% by weight or less, heat decomposition during spinning can 
be controlled and the reduction coefficient of viscosity, 
therefore, was improved to 5% or less. The spinning ability, 
the life of a spinneret and the condition of fluff formation during 
drawing were extremely good. 
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[0054] 
[Table 2] 





Example 


Comparative Example 


No 


o 


A 

4 


c 
D 


o 


/ 


o 
O 


9 


1 lUllUlllCX LU11LC1IL 

(% by weight) 


0.46 


0.26 


0.15 


10.2 


5.76 


3.46 


0.98 


Relative 

V JLoLiUbi. I'jr wi 

polymer (r|rel) 


2.97 


2.96 


2.56 


2.96 


2.89 


2.92 


3.02 


Branched 
structure 


None 


None 


None 


None 


None 


None 


None 


Sn content (ppm) 


19 


21 


16 


18 


19 


18 


17 


L- isomer (%) 


96.8 


98.4 


98.4 


95.4 


96.0 


95.6 


96.5 


Mw 


13.8xl0 4 


14.0xl0 4 


14.4xl0 4 


13.9xio 4 


13.7xl0 4 


12.5xl0 4 


14.4xl0 4 


Mn 


6.8xl0 4 


6.9x10* 


7.0xl0 4 


6.7xl0 4 


6.9xl0 4 


6.6xl0 4 


7.0xl0 4 


Spinning 
temperature 
(° C) 


230 


230 


230 


230 


230 


230 


230 


Spinning speed 
(m/min) 


3,500 


3,500 


3,500 


3,500 


3,500 


3,500 


3,500 


Rate of decrease 

of viscosity 
during spinning 
(%) 


5 


2 


1.5 


25 


20 


15 


10 


Spinning 
ability - 1 


A 


A 


A 


C 


C 


C 


B 


Spinning 
ability - 2 


*7 


2>7 


st7 


1 


1 


2 


5 



[0055] 

Examples 6 to 7, Comparative Examples 10 to 14 

Tables 3 and 4 provides the results about the productivity 
of a multifilament and physical properties of the multifilament, 
the results being obtained when the Sn content and the monomer 
content were set to 30 ppm or less and 0.5% or less, respectively, 
and the percentage of L- isomer, whether a branched structure was 
present or not, the molecular weight and the relative viscosity 
of the polymers were varied, and the spinning speed and the drawing 
conditions were kept constant. 
[0056] 

Example 6 and Comparative Example 10 concern polymers 
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having almost the same physical properties except whether a 
branched structure was present or not. However, in Comparative 
Example 10 with a branched structure, the spinning ability was 
a little poor and the formation of fluff was found during drawing. 
The resultant yarn had a tensile strength less than 4 g/d, which 
was weaker than the polymer with no branch. The birefringence 
(An) was 0.03 or less and the peak temperature of thermal stress 
was not higher than 85°C. Therefore, the wear-out in dyeing was 
great and this Comparative Example cannot be used practically. 
[0057] 

In Comparative Example 14 given in Table 4, in which the 
percentage of L-isomer was less than 95%, since the percentage 
of L-isomer was dropped, oriented crystallization did not proceed 
during the spinning and drawing. The tensile strength was as 
weak as less than 4 g/d and the contraction ratio in boiling water 
was 30% or more. The dimensional stability in the usual weaving 
and knitting processing was poor. Therefore, the product cannot 
be used practically as a multifilament. 
[0058] 

In Comparative Example 11, the spinning and drawing 
properties became poor and the tensile strength also became as 
weak as less than 4 g/d because of the low molecular weight and 
relative viscosity. Conversely, in Comparative Examples 12 and 
13, there was a necessity of raising the spinning temperature 
because of the high molecular weight and relative viscosity. The 
raising of the spinning temperature rendered the reduction 
coefficient of viscosity during the spinning not less than 15%, 
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resulting in poor spinning and drawing properties. During the 
drawing, there occurred problems of fluff formation and so on, 
thus, these Comparative Examples cannot be used for practical 
production. 
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[0059] 

[Table 3] 





Example 


No 


D 


7 


11 KJ 1 1 U 111 C JL V^Uli U vll U 

( St bv weiaht ^ 


0.27 


0.27 


polymer (r|rel) 


3.02 


3.68 


Branched structure 


None 


None 


Sn content (ppm) 


lo 


1 "7 

±7 


Li - isomer v * / 


98.7 


96.0 


Mw 


14 .6xl0 4 


19.5xl0 4 


Mn 


7.2xl0 4 


9.4xl0 4 


Spinning temperature 
(°C) 


230 


230 


Rate of decrease of 






viscosity during 


3 


4 


spinning ( % ) 






Spinning speed 
( m/min ) 


3,500 


3,500 


Spinning ability - 1 


A 


A 


Spinning ability - 2 


2>7 


S:7 


Draw temperature 
(°C) 


110 


110 


Draw magnification 
factor 


1.70 


1.70 


Set temperature (°C) 


145 


145 


Spinning ability - 3 


A 


A 


Fluffs 






Productivity of 


A 


A 


filament 






Tensile strength 
(g/d) 


5.02 


4096 


Elongation (%) 


30.3 


30.8 


Contraction rate in 


9.8 


14.8 


boiling water (%) 


Birefringence ( An ) 


0.0350 


0.0367 


Thermal stress peak 


90 


91 


temperature ( 0 C ) 


wear-out after dying 


A 


A 
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[0060] 
[Table 4] 



[Table 4] 





Comparative Example 


No 


10 


11 


12 


13 


14 


Monomer content 
(% by weight) 


0. 26 


0. 26 


0 . 25 


0 . 24 


0.27 


Relative viscosity 
of polymer (r]rel) 


•J • v *± 










Branched structure 


Yes 


None 


None 


Yes 


None 


Sn content (ppm) 


19 


18 


20 


18 


21 


L- isomer (%) 


99.0 


96.4 


97.0 


98.7 


92.6 


Mw 


14.8xl0 4 


10.2xl0 4 


23.8xl0 4 


24.0xl0 4 


14.5xl0 4 


Mn 


7.6xl0 4 


5.4xl0 4 


12.1xl0 4 


12.4xl0 4 


7.1xl0 4 i 


Spinning 
temperature ( ° C ) 


230 


230 


245 


245 


230 


Rate of decrease of 
viscosity during 
spinning ( % ) 


6 


8 


15 


20 


3 


Spinning speed 
(m/min) 


3,500 


3,500 


3,500 


3,500 


3,500 


Spinning ability - 1 


B 


B 


C 


C 


A 


Spinning ability - 2 


4 


4 


5 


3 


2>7 


Draw temperature 
(°C) 


110 


110 


110 


110 


110 


Draw magnification 
factor 


1.70 


1.70 


1.70 


1.70 


1.70 


Set temperature 
<°C) 


145 


145 


145 


145 


145 


Spinning ability - 
3 


B 


C 


C 


C 


B 


Fluffs 


X 


X 


X 


X 


X 


Productivity of 
filament 


C 


B 


C 


C 


B 


Tensile strength 
(g/d) 


3.98 


3.82 


4.02 


3.86 


3.03 


Elongation (%) 


29.6 


28.7 


30.2 


29.8 


30.3 


Contraction rate 
in boiling water 
(%) 


10.2 


10.1 


9.7 


10.2 


30.5 


Birefringence (An) 


0.0276 


0.0265 


0.0289 


0.0266 


0.0235 


Thermal stress 
peak temperature 
(°C) 


82 


81 


81 


82 


80 


wear-out after 
dying 


C 


B 


B 


C 


C 
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Tables 5 and 6 about Examples 8 to 10 and Comparative 
Examples 15 to 19 provide the results concerning the spinning 
workability and the physical properties of multifilaments 
obtained by changing the polymer physical properties to a 
relative viscosity of 3,09, an L-isomer amount of 98.2%, and a 
monomer content of 0.26 wt% and changing the spinning and drawing 
conditions of the polylactic acid polymer with no branched 
structure. 
[0062] 

Example 8 and Comparative Example 15 are the results 
obtained by changing the draw magnification factor of yarns spun 
under the same conditions. In Comparative Example 15 where the 
draw magnification factor was not greater than 1.3 times, both 
the tensile strength and the birefringence were low and the 
product cannot be used practically as a multifilament. 
[0063] 

Comparative Example 16 provides the test results obtained 
when the spinning speed was reduced to 2,800 m/min. At a 
winding-up speed of 2,800 m/min, oriented crystallization was 
insufficient and the material was not proof against the drawing 
temperature and therefore yarn breakage occurred frequently. 
Therefore, the productivity of a multifilament was so low that 
the Comparative Example cannot be used practically. 
[0064] 

Example 9 and Comparative Example 17 provide the results 
obtained by varying the drawing temperature after winding-up 
under the same conditions. In Comparative Example 17 where the 
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drawing temperature was low, since the drawing temperature was 
lower than 100°C, the drawing temperature was insufficient, and 
yarn breakage and fluff formation were observed. The yarn 
obtained had a poor tensile strength and low birefringence. 
Therefore, this Comparative Example cannot be used practically. 
[0065] 

Example 9 and Comparative Example 17 provide the results 
obtained when the setting temperature was changed after winding 
up under the same conditions. In Comparative Example 17, since 
the setting temperature was lower than 125°C, the contraction 
ratio in boiling water was as high as 20% or more, and the 
dimensional stability after the post processing such as dyeing 
was poor. Thus, this Comparative Example cannot be use 
practically. 
[0066] 

Comparative Example 14 is the result obtained by carrying 
out the spinning at a spinning speed exceeding 4,500 m/min. At 
a spinning speed of 4,800 m/min, there occurred swing of yarn 
and uneven cooling during the spinning and yarn breakage occurred 
frequently, resulting in poor operation stability. Therefore, 
this Comparative Example cannot be used practically. However, 
in Example 10 where the spinning speed was 4,500 m/min, there 
arose no problem during the spinning and drawing and the 
multifilament obtained had good physical properties. 
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[0067] 



[Table 5] 





Example 


No 


q 

o 


Q 


i n 

-L u 


Spinning 
temperature ( • C ) 


230 


230 


230 


Rate of decrease of 
viscosity during 
spinning ( % ) 


3 


3 


3 


Spinning speed 
(m/min) 


3,200 


4,000 


4,500 


Spinning ability - 1 


A 


A 


A 


Spinning ability - 2 


^7 




>7 


Draw temperature 
(°C) 


105 


115 


120 


Draw magnification 
factor 


1.7 


1.5 


1.3 


Set temperature 
(°C) 


145 


135 


150 


Spinning ability - 3 


A 


A 


A 


Fluffs 








Productivity of 
filament 


A 


A 


A 


Tensile strength 
(g/d) 


4.89 


5.04 


5.10 


Elongation (%) 


27.6 


28.9 


30.0 


Contraction rate in 
boiling water (%) 


10.2 


9.8 


9.7 


Birefringence ( An ) 


0.0332 


0.0386 


0.0394 


Thermal stress peak 
temperature ( ° C ) 


87 


92 


93 


wear-out after 
dying 


A 


A 


A 
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[0068] 



[Table 6] 





Comparative Example 


No 


15 


16 


17 


1 o 

18 


±y 


Spinning 
temperature ( ° C ) 


230 


230 


230 


230 


230 


Rate of decrease of 
viscosity during 
spinning ( % ) 


3 


3 


3 


3 


3 


(m/min) 


3,200 1 


2,800 


4,000 


4,000 


4,800 


opillliniy aDJ.li ty i 










X 


Spinning ability - 2 




*7 


2*7 


2i7 


;>7 


Draw temperature 
(°C) 


105 


105 


90 


105 


120 


Draw magnification 
factor 


1.2 


1.9 


1.5 


1.5 


1.3 


Set temperature 


150 


150 


150 


115 


150 


Spinning ability - 
3 


C 


C 


B 


A 


C 


Fluffs 


X 


X 


X 




X 


Productivity of 
filament 


C 


C 


B 


B 


C 


Tensile strength 
(g/d) 


3,21 


4.12 


3.96 


4.87 


4.74 


Elongation (%) 


35.0 


27.6 


27.4 


28.6 


25.4 


Contraction rate 
in boiling water 
(%) 


15.0 


11.7 


10.5 


20.7 


9.8 


Birefringence (An) 


0.0251 


0.0271 


0.0281 


0.0310 


0.0364 


Thermal stress 
peak temperature 
(°C) 


78 


81 


79 


83 


90 


wear-out after 
dying 


C 


B 


B 


C 


B 
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[Title of Document] Abstract 

[Abstract] 

[Problem] 

To provide a polylactic acid fiber that is excellent in 
workability and also in fiber physical properties, and a process 
for producing thereof. 
[Solving Means] 

A process for producing a polylactic acid multifilament 
using a polylactic acid resin wherein the polylactic acid 
comprises 98% or more of L-isomer and has a relative viscosity 
of 2.7 to 3.9, the monomer content is 0.5% by weight or less, 
the Sn (tin) content is 30 ppm or less and the polylactic acid 
is in a linear, the method comprising spinning at a rate of not 
less than 3,000 m/min and not more than 4,500 m/min, then drawing 
at a drawing temperature of 100°C to 125°C into 1.3 times or more, 
and thereafter heat-setting at a temperature of 125°C to 150°C, 
the obtained filament having physical properties: a tensile 
strength of 4. 5 g/d or more, a contraction ratio in boiling water 
of 12% or less, a birefringence of 0.030 or more, and a peak 
temperature of the thermal stress measurements of 85°C or higher. 
[Selection drawing] None 
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